We prove the renormalizability to all orders of a refined Gribov-Zwanziger type action in linear covariant gauges in four-dimensional Euclidean space. In this model, the Gribov copies are taken into account by requiring that the Faddeev-Popov operator is positive definite with respect to the transverse component of the gauge field, a procedure which turns out to be analogous to the restriction to the Gribov region in the Landau gauge. The model studied here can be regarded as the first approximation of a more general nonperturbative BRST invariant formulation of the refined Gribov-Zwanziger action in linear covariant gauges obtained recently in [1, 2] . A key ingredient of the set up worked out in [1, 2] is the introduction of a gauge invariant field configuration A µ which can be expressed as an infinite non-local series in the starting gauge field A µ . In the present case, we consider the approximation in which only the first term of the series representing A µ is considered, corresponding to a pure transverse gauge field. The all order renormalizability of the resulting action gives thus a strong evidence of the renormalizability of the aforementioned more general nonperturbative BRST invariant formulation of the Gribov horizon in linear covariant gauges.
Introduction
The Gribov-Zwanziger framework, originally developed in the Landau gauge, enables us to take into account the existence of zero-modes of the Faddeev-Popov operator in the quantization of Euclidean Yang-Mills theories. The existence of such zero-modes was pointed out by Gribov [3] , who showed that, for a given gauge field A a µ which satisfies the Landau gauge condition, i.e. ∂ µ A a µ = 0, there are other gauge field configurations A ′a µ which are related to A a µ via an infinitesimal gauge transformation and which also satisfy the Landau gauge condition if the Faddeev-Popov operator develops zero-modes. Hence, the very existence of such zero-modes is associated with the fact that the same gauge orbit is crossed more than once by the gaugefixing section. Such spurious configurations are the so-called Gribov copies and their existence characterizes the Gribov problem 1 . Although this is not a particular feature of the Landau gaugefixing condition [8] , this is the gauge in which the Gribov phenomenon is better understood. In the Landau gauge, the gauge field is purely transverse, i.e. ∂ µ A a µ = 0, a property which ensures that the Faddeev-Popov operator,
is Hermitian. In order to take into account the existence of such copies, Gribov proposed to restrict the path integral domain to a certain region Ω, known as the Gribov region, in which the Faddeev-Popov operator is positive 2 , namely,
It is possible to show that this region enjoys many important properties [9] : (i) it is bounded in all directions in field space; (ii) it is convex; (iii) every gauge orbit crosses at least once the region Ω. The procedure implemented by Gribov was performed in a semi-classical approximation and has been generalized later on by Zwanziger to all orders, see [10] . Although Gribov and Zwanziger followed different strategies, their approaches can be proven to be equivalent, as shown in [11] .
According to [10] , the restriction of the domain of integration in the path integral to the Gribov region Ω in the Landau gauge is achieved by the addition, to the Faddeev-Popov gaugefixed Yang-Mills action, of the so-called horizon function, H(A), and of a vacuum term, namely 
with V being the space-time volume and γ 2 a mass parameter, known as the Gribov parameter, which is not free, but determined by the gap equation [10] H(A) = 4V (N 2 − 1) .
The horizon function is non-local, however it is possible to cast it in a local form by the introduction of a suitable set of auxiliary fields. We will show the explicit form of this localization later on.
Nevertheless, the Hermiticity property of the Faddeev-Popov operator is, in general, lost outside of the Landau gauge. This is the case, for example, of the class of gauges known as the linear covariant gauges, given by the condition ∂ µ A a µ = iαb a , where α is a non-negative gauge parameter and b a the Lagrange multiplier field.
In the usual Faddeev-Popov quantization framework, for the gauge-fixed SU (N) Yang-Mills action in four dimensional Euclidean space in the linear covariant gauges, we have
where
is the covariant derivative in the adjoint representation of the gauge group. The first term in expression (5) is the usual Euclidean Yang-Mills action with 
The field b a characterizes the gauge-fixing condition in an off-shell way. In fact, its classical equation of motion gives
reproducing thus the gauge-fixing condition. Also, when the gauge parameter α goes to zero, the Landau gauge is recovered as a particular case. Finally, the anti-commuting fields {c a , c a } are the Faddeev-Popov ghosts 3 .
In the last years, several efforts have been undertaken in order to generalize the GribovZwanziger approach to the case of the linear covariant gauges. The first results in this direction were obtained in [12] , in which the gauge parameter α was considered as an infinitesimal parameter. Later on, an extension to finite α was proposed in [13] . The main point in these two works is that the horizon function, responsible for the resctriction to the Gribov region corresponding the the class of the linear covariant gauges, should be constructed only with the transverse component of the gauge field, A T µ = (δ µν − ∂µ∂ν ∂ 2 )A ν , ensuring that the operator used to define the Gribov region, M ab (A T ), is Hermitian 4 . Finally, more recently [1, 2, 14] , a novel formulation for the Gribov-Zwanziger framework in the linear covariant gauges exhibiting an exact nonperturbative BRST invariance was proposed. In this new approach, the horizon function is written in terms of a gauge invariant field A µ , which coincides with the transverse component of the gauge field A T µ only at the lowest-order in the coupling constant g. The results achieved in [1, 2, 14] can be summarized by introducing the corresponding GribovZwanziger action in linear covariant gauges as
where γ 2 is the Gribov mass parameter defined in a self-consistent way through the gap equation:
and
is the horizon function written in terms of the non-polynomial, transverse and gauge invariant field A µ , given by
3 By conventionc a is the antighost and c a the ghost fields. 4 In the Landau gauge this result is immediate since the gauge field is already transverse.
The auxiliary dimensionless field ξ = ξ a T a is a Stueckelberg-like field, see [2] . The gauge invariance of A µ can be checked order by order from the transformations
with ω a being the infinitesimal parameter of the gauge transformation. From equations (13) it turns out that A a µ is left invariant by the gauge transformations [1] , namely
In addition, one requires that A a µ is transverse, see Appendix A of [1] for details, i.e.
The transversality condition (15) allows us to eliminate the auxiliary Stueckelberg field [1] , giving A µ as a non-local power series in A µ :
Thus, equation (12) is the local version of (16), subject to the transversality constraint ∂ µ A µ = 0. Notice also that, at lowest order, A µ coincides with the transverse component of the gauge field, namely
Conceptually, the formulation of the Gribov-Zwanziger action in terms of A µ brings many non-trivial features [1, 2, 14] . In particular, it makes possible to introduce a nonperturbative BRST symmetry which enables us to prove the independence from the gauge parameter α of gauge-invariant correlation functions. Also, it allows to establish the non-renormalization of the longitudinal component of the gauge field two-point function [2] , in agreement with the results of the most recent lattice numerical simulations [15, 16] . It is worth underlining that this proposal [1, 14] has been cast in local form [2] , providing thus a nonperturbative and invariant framework which implements the restriction of the path integral domain to a region free of a large set of Gribov copies in the linear covariant gauges.
Another relevant feature of the Gribov-Zwanziger approach, not only in the Landau gauge, but also in the maximal Abelian, linear covariant and Coulomb gauges is the dynamical formation of dimension two condensates, see [14, 17, 18, 19] . The inclusion of such operators in the Gribov-Zwanziger action gives rise to the so-called refined Gribov-Zwanziger action. It is important to emphasize that, relying on the available lattice data, the gluon propagator computed out of the refined Gribov-Zwanziger action in the aforementioned gauges is in very good agreement with the numerical results.
We also meantion that, in recent years, several groups started to study the nonperturbative infrared behavior of correlation functions in the linear covariant gauges, see for instance [20, 21, 15, 16, 22, 23, 24] . The collection of results obtained so far has provided a fruitful interplay among the various approaches available, a strategy which turned out to be very successful in the case of the Landau gauge.
A question which naturally arises at this stage is whether the framework encoded into the action (9) is renormalizable or not. This is topic which will be faced in the following. In particular, we shall establish the renormalizability to all orders of the action (9) in the approximation (17) , i.e. in the formulation presented in [13] . This first nontrivial step will enable us to set the necessary tools to attack the more complex and difficult problem of the renormalizability of the full action (9) .
The paper is organized as follows. In Sect. 2, we present the construction of the local version of the model. In Sect. 3, we display the full set of Ward identities. In Sect. 4, we prove the renormalizability of model to all orders by means of the algebraic renornalization. In Sect. 5, we discuss the introduction of the dynamical dimension two condensates. Finally, in Sect 6 we present our conclusions. For completeness, we have included two Appendices containing the tree level propagators of the theory as well as the quantum numbers of all fields and external sources.
The model

A local formulation of the horizon function
As stated in the introduction, we will work explicitly in the approximation (17) . Then, the horizon function we consider here is
Therefore, the corresponding Gribov-Zwanziger action in the linear covariant gauges reads
which, neglecting for the moment the vacuum term 4V (N 2 − 1)γ 4 , coincides with expression (9) when A µ ≈ A T µ . Written in this fashion, the Gribov-Zwanziger action in linear covariant gauges (19) is non-local. In fact, it contains two types of non-localities: first, the transverse component of the gauge field is non-local, as expressed by eq. (17) . Second, the horizon function itself H(A T ) is non-local.
In the original Gribov-Zwanziger construction in the Landau gauge, a localization procedure for the horizon function has been worked out. Though, in order to employ it in the present case, we first need to express the transverse component of the gauge field in local form. In order to achieve this task, we replace the action S by
where we have introduced a new set of fields {B a µ , ξ a , ρ a , λ a µ }, with ρ a and λ a µ corresponding to Lagrange multipliers enforcing the following constraints:
On the other hand, the gauge field can always be decomposed into transverse and longitudinal components:
Combining thus eq. (23) with the constraints (21) and (22), we get the following on-shell relations
Integrating out the fields ρ a and λ a µ , we can show that the actions S and S off-shell are equivalent. Thus, S off-shell is the off-shell version of S. Now, one can localize the horizon function expressed in terms of the local field B a µ present in the action S off-shell by the introduction of a set of auxiliary localizing fields {ϕ ab µ ,φ ab µ , ω ab µ ,ω ab µ }, namely
where {ϕ ab µ ,φ ab µ } are a pair of bosonic fields and {ω ab µ ,ω ab µ } a pair of Grassmannian fields. The integration of such auxiliary fields gives back the non-local expression in terms of the horizon function H(A T ). Therefore, expression (25) corresponds to a local version of the Gribov-Zwanziger action in linear covariant gauges in the approximation (17).
The BRST invariance
In the last section, we have faced the problem of the localization of the horizon function. In order to prove the renormalizability of (25) to all orders in perturbation theory, we will employ the algebraic renormalization set up [25] . Therefore, an essential tool is the BRST symmetry and its cohomology. As it happens in the Landau gauge in the original Gribov-Zwanziger construction, the action (25) in the approximation (17) breaks the BRST symmetry in an explicit way. Nevertheless, the breaking is soft due to the presence of the Gribov parameter γ. This problem is circumvented by embedding the theory into an extended BRST invariant one by the introduction of a suitable set of external sources. We shall proceed thus by casting the action (25) in a BRST invariant fashion.
First, let us remind that the Faddeev-Popov action, S FP , is left invariant by the usual BRST transformations:
Also, it can be easily checked that the BRST operator, s, is nilpotent, i.e. s 2 = 0. Following [10] , in order to keep the nilpotency of s, the remaining auxiliary fields
are required to transform as BRST doublets, namely
so that
Notice that, in order to preserve the BRST doublet structure, we needed to introduce the anti-commuting fields {η a µ , u a , ϑ a , τ a }. Performing now the following shift in the field ω ab µ with unity Jacobian:
the action (25) gets replaced by
The action S quasi-inv is not left invariant by the above BRST transformations, which are softly broken by the terms proportional to γ 2 , namely
Therefore, in order to restore BRST symmetry, we are led to consider an extended action which reduces to S quasi-inv when a suitable physical limit is taken. Such extended action is obtained by introducing a set of external sources forming a pair of BRST doublet, i.e.
and it is given by
with
Here, we have followed the original Zwanziger approach [10] in which the external sources {M,M , N,N } are introduced in such a way that when they acquire their physical values
the action S inv coincides with S quasi-inv , i.e.
from which it becomes apparent that S inv is a BRST invariant extension of S quasi-inv . In particular, renormalizability of S inv will imply that of S quasi-inv .
We have also added to S inv the term κ (M M −N N ), with κ being a dimensionless parameter. This term is allowed by power-counting and, in the physical limit (35), represents the vacuum term 5 
For further use, following the algebraic renornalization procedure [25] , one has to introduce BRST invariant sources (Ω a µ , L a ) coupled to the nonlinear BRST teansformations of the fields (A a µ , c a )
with sΩ
In addition, as shown originally in [10] , the extended action Σ 0 allows the introduction of the very useful multi-index notation. In fact, following [10] , one introduces the composite index:
Therefore, using this notation, the action Σ 0 can be written as
5 Later will be shown that κ = −1 and this vaccum term coincides with that in Eq. (9), as expected.
Introducing more constraints
Let us proceed by taking a close look at the term of the action Σ 0 corresponding to the localization of the horizon function, namely
This term enjoys several useful exact symmetries. In particular, we call attention to the following invariances:
The symmetry (44) is recognized to express the invariance under rigid gauge transformations. As such, there are no difficulties in generalizing the operator (46) in order to include the remaining fields of the action (42), so that the symmetry (44) extends to the whole action Σ 0 . Though, this is not the case of the second invariance (45), which cannot be extended immediately to the whole action Σ 0 , due to the presence of the terms involving λ a µ and τ a µ which give rise to explicit breaking terms. Nevertheless, it turns out to be possible to extend equation (45) to be an exact symmetry of the model by introducing the following set of BRST doublets of fields:
and perform the replacement:
Therefore, from now on, we shall consider the new action given by
From this expression one sees that the new fields (H ab , H ab ) yield the following exact linearly broken Ward identities
The right hand sides of eqs. (53), (54) are linear in the quantum fields, so that these terms are linear breaking, not affected by the quantum corrections [25] . The physical meaning expressed by eqs. (53), (54) is well captured by looking at the equation of motion of the field λ a µ , i.e.
which, due to (53),(54), gives
so that expression (22) is recovered. Besides the two linearly broken identities (53),(54), the action Σ enjoys the following additional Ward identity, also linearly broken:
Moreover, taking the trace of Q ab in color space, one gets the charge Q
As one sees from eq.(60), for the fields {λ, τ, H, H, T, T }, the value of the charge Q is +1, while for the fields {X, X, Y, Y } is −1. As a consequence of the charge assignment, it follows that the dimensionless fields {X, X, Y, Y } appear in the counterterm always in combination with the dimension 3 fields {λ, τ, H, H , T, T } in order to produce a term with zero charge Q. We see therefore that the charge Q is very useful in order to keep control of the dependence of the local invariant counterterm from the fields {X, X, Y, Y }. Furthermore, the equations of motion of the fields {λ, τ, H, H, T, T } correspond to Ward identities, as it will be shown in the next section.
Finally, let us mention that, with the introduction of the BRST doublets (49),(50), the equations (44) and (45) can be promoted to Ward identities for the complete action Σ, forbidding, in particular, the mixing between the fields B a µ and A a µ . We will come back to the analysis of such symmetries in the next section.
Symmetries and Ward identities
As mentioned before, the action Σ obeys a large set of Ward identities, which we enlist below:
• The Slavnov-Taylor identity: 
• The gauge-fixing and the antighost equations:
• The equations of motion of the fields (ρ a , ϑ a , H ab , H ab , T ab , T ab ) and the parametric equation with respect to the parameter κ:
• Equations of motion of the fields λ, τ , ξ and u:
• The full rigid symmetry:
• The linearly broken Ward identities:
as well as
• Equations of motion of the localizing Zwanziger fields: 
• The Q ij , Q ab and ghost number Ward identities: 
The operator N gh defines, in a functional way, the ghost number. Also, taking the trace in color space of Q ij , namely
defines the charge q 4(N 2 −1) . Analogously, taking the trace of Q ab , i.e.
defines the Q-charge. The quantum numbers of all fields and sources corresponding to these charges are displayed in Appendix B together with the ghost number and respective dimensions.
Renormalization
Having established the Ward identities fulfilled by the action Σ, we can now study the issue of the renormalizability. We shall proceed by first analyzing the particular case in which the Gribov mass parameter γ 2 is set to zero. As we shall see, the analysis of the limit γ 2 = 0 will turn out to be very helpful in the study of the general case in which γ 2 = 0.
The case γ 2 = 0
The limit γ 2 = 0 is easily achieved by setting the sources {M,M , N,N } to zero in the action Σ. As a consequence, the integration over the auxiliary fields {ϕ,φ, ω,ω} is easily seen to give a unity. The fields {X, Y, X, Y } become now unnecessary. Also, the Lagrange multipliers H and H can be integrated out. Therefore, the action Σ in the limit γ 2 = 0 is given by:
As expected, expression (89) enjoys a huge set of Ward identities which guarantee in fact its renormalizability. The BRST symmetry can be translated in a functional form by means of the Slavnov-Taylor identity: Also, the equations of motion of {b, ρ, ϑ, λ, η, u, B, ξ} are linear in the fields, implying thus that the counterterm must be independent from these fields. Moreover, {Ω, τ,c} appear only in the combinationΩ = Ω µ + τ µ + ∂ µc . Therefore, following the procedure of the algebraic renormalization [25] , the corresponding invariant counterterm, i.e. the most general integrated local polynomial in the fields and sources with dimension four and ghost number zero compatible with all symmetries which can be freely added at each order of perturbation theory, is given by
is the linearized nilpotent Slavnov-Taylor operator [25] and {a 0 , a 1 , a 2 } are three independent arbitrary coefficients.
As one can easily check, the counterterm (91) can be reabsorbed into the classical action S 0 by a multiplicative renormalization of fields, sources and parameters, namely
where, the label "0" denotes the bare quantities and where ǫ stands for an infinitesimal parameter expansion. Choosing the renormalization factors in the standard way, i.e.
form direct inspection of eqs.(93) one finds:
Notice that the renormalization factors of the fields (B, λ, ρ, τ, ϑ, η, u) are not independent, being expressed in terms of the factors (Z A , Z c ). This is not unexpected since the action S 0 is nothing but the Yang-Mills action in linear covariant gauges. These fields define in a local and offshell way the transverse and longitudinal components of the gauge field. These extra terms are strictly necessary only in the case when γ 2 = 0. However, this particular case is useful in order to establish a kind of boundary condition for the renormalization of the general action Σ, meaning that the renormalization factors of Σ have to reduce to those of S 0 in the case in which the Gribov parameter γ 2 is set to zero.
General case
Let us face now the issue of the proof of the renormalizability of the more general action Σ. In this case, according to the algebraic renormalization set up [25] , for the most general invariant local counterterm we get
where S Σ is the nilpotent linearized Slavnov-Taylor operator [25] ,
and ∆ (−1) is an integrated local polynomial in the fields with dimension 4, ghost number (−1) and with vanishing Q and q 4(N 2 −1) charges. Taking into account the full set of Ward identities derived in the last section, it turns out that, after a lengthy algebraic analysis, the term ∆ (−1) can be written as
Notice that terms like (Ω a µ + ∂ a µc a + X ab τ b µ )B a µ are forbidden due to the Ward identity (78). It remains now to check out if the countertem above can be reabsorbed into the classical starting action Σ though a multiplicative renormalization of the fields, sources and parameters, namely
where, as before, ǫ denotes the expansion parameter, F stands for the fields and J for the external sources and parameters. Setting
with (z F , z J ) being linear combinations of the dimensionless coefficients (a 0 , a 1 , a 2 , a 3 ), it turns out that
In order to determine the remaining renormalization factors, it is helpful to notice that the coefficients (a 0 , a 1 , a 2 , a 3 ) are independent from the external sources (M, N,M ,N ). Moreover, when these external sources are set to zero, i.e. (M, N,M ,N ) = 0 they have to reduce to the renormalization factors encountered before in the analysis of the action S 0 , since setting (M, N,M ,N ) = 0 is equivalent to take the limit γ 2 = 0, eq.(35). This immediately gives a 3 = a 1 , implying that Z B = Z A . Therefore, we obtain
while, as expected, it also follows that κ = −1.
This ends the proof of the all order multiplicative renormalization of the Gribov-Zwanziger action in the linear covariant gauges in the approximation A µ = A T µ .
5 The refinement of the Gribov-Zwanziger action in the linear covariant gauges: introduction of dimension two condensates
As already mentioned in the introduction, the Gribov-Zwanziger set up naturally generalizes to the so-called refined Gribov-Zwanziger action [13, 14, 17, 18, 19] in which further nonperturbative effects, encoded in the formation of dimension two condensates, are taken into account. Therefore, according to [13, 14, 17, 18, 19] , in order to extend the previous results to the refined version we have to properly introduce the dimension two operators:
The introduction of operator O 1 is immediate because it is BRST invariant. The inclusion of the operator O 2 is more subtle. First of all, it needs to be introduced with the help of the off-shell and local version of A T µ , i.e. through the field B a µ . In other words, we have to introduce the operator O 2 written as B a µ B a µ , where the field B a µ , eqs. (22), (24), is subject to the constraints ∂ µ B a µ = 0 and A a µ = B a µ + ∂ µ ξ a , implemented by means of the Lagrange multipliers ρ a and λ a µ , respectively. The second non-trivial point we have to deal is to find a way to introduce the operator B a µ B a µ , while forbidding the potential mixing with the operators A a µ A a µ and A a µ B a µ . A consistent introduction of the operator B a µ B a µ is achieved by extending the Ward identities (78) and (80) by means of a BRST doublet of external sources (U abc , V abc ) carrying color indices, namely
The physical values of these sources are
Thus, we add to the action Σ, eq.(52), the term:
Notice that, in the physical limit, we have
which nicely shows that the operator B a µ B a µ is correctly obtained. Moreover, the Ward operators W a and W a generalize to
showing that the term S O 2 is in fact left invariant. As a consequence of eqs.(110), unwanted mixing terms like V abc f abd A c µ A d µ and V abc f abd A c µ B d µ turn out to be forbidden. The same happens for terms of the kind V abc f abd X cm X dn A m µ A n µ , which are ruled out by the quantum numbers of the fields and sources, see Appendix B.
We can turn to the operator O 1 . It can be introduced trough a BRST invariant source, Λ, according to
At the end, the source Λ is set to its physical value:
which gives the inclusion of the desired operator O 1 . In turn, terms like Λ A a µ A a µ and Λ B a µ B a µ are forbidden by the BRST symmetry, as it follows by noticing that they are not BRST invariant.
Thus, the new extended action containing the relevant dimension two operators is:
The terms in the external sources (ζ
are vacuum terms, allowed by power counting. Also, the dimensionless coefficient ζ abcde 1 fulfils the conditions:
The inclusion of the dimension two operators (O 1 , O 2 ) does not invalidate the Ward identities corresponding to the equations of motions of the localizing Zwanziger fields {ϕ,φ, ω,ω}, which
In particular, we point out that terms like Λ (φ a i ϕ a i −ω a i ω a i ) are forbidden by the linearly broken Ward identities (115).
The new sources and parameters are easily seen to renormalize as
Therefore, the whole counterterm Σ new CT is reabsorbed into the starting action Σ new through the following redefinitions
Taking the physical values of the sources, one obtains that the parameters m 2 and µ 2 defining the dimension two operators (O 1 , O 2 ) renormalize as
In particular, from the presence of the free coefficient λ 1 in the expression for Z m 2 , it follows that, in the case of the linear covariant gauges, the renormalization factor of the operator A T µ A T µ is an independent parameter of the theory. This result is in contrast with the case of the Landau gauge, in which the renormalization factors of the parameters m 2 and µ 2 can be expressed solely in terms of Z g and Z A .
In summary, the introduction of the dimension two operators (O 1 , O 2 ) does not spoil the renormalizability of the model, providing thus a local and renormalizable framework to handle the refined Gribov-Zwanziger action Σ new in the approximation A µ ≈ A T µ .
Conclusion
In this work we have studied the Gribov-Zwanziger model in the linear covariant gauges in the approximation A µ = A T µ , amounting to make use of the horizon function expressed in terms of the transverse component of the gauge field, eq. (18) . The resulting action Σ, eq.(52), has been cast in local form and has been proven to be multiplicative renormalizable to all orders of perturbation theory within the algebraic renormalization set up.
Subsequently, the refined version of the model, given by the extended action Σ new of eq.(113), and corresponding to the introduction of the dimensions two operators (O 1 , O 2 ) of eq.(104), has been constructed and shown to be also renormalizable.
Both results are nontrivial and can be taken as strong indication of the possible renormalizability of the Gribov-Zwanziger framework when the full non-local gauge invariant field A µ is employed [13] , a task which is already under investigation [27] . 
Notice that the anticommuting sector {c,c, ω,ω, ϑ, η, τ, u} is completely decoupled from the rest of the theory. As a consequence, the quadratic part action can be written as
where 
B Tables of Quantum numbers
We display here the quantum numbers of all fields, sources and parameters of the model. In the following we shall employ the notation "B" for denoting the bosonic nature of a variable and "F" in the anticommuting case 
